Abstract. Gastric cancer is occasionally diagnosed using transabdominal ultrasonography (US) during screening or investigation of patients with abdominal symptoms. Therefore, the present study analyzed the association of the tumor diameter, pathological T (pT) staging and depth of invasion with the detection of gastric cancer using US. Patient records were analyzed retrospectively and 13 patients were enrolled, who underwent US screening prior to endoscopic mucosal resection, endoscopic submucosal dissection or surgery. In total, 5 patients were diagnosed with gastric cancer using US (positive detection group), while US was unable to detect the gastric cancer in 8 patients (negative detection group). The tumor diameter and depth of invasion were determined by pathologists. One-way analysis of variance or the χ 2 test was performed. Wall thickness in gastric cancer cases ranged between 7 and 20 mm (mean, 12.2±5.9 mm), as measured using abdominal US. The hemoglobin level was significantly lower in the positive detection patients compared with the negative detection patients (P=0.0455). In addition, the diameters of the gastric wall in the negative and positive detection patients were 24.5±16.4 and 54.4±26.2 mm, respectively (P=0.0266). These results indicate that gastric cancer in the positive detection patients were at a more advanced-stage compared with that in the negative detection patients. Furthermore, gastric cancer with a stage over pT2 was diagnosed using abdominal US (P=0.0242), whereas stage pT1a gastric cancer was not detected by abdominal US. Gastric tumors invading deeper than the submucosa were diagnosed using US (P=0.0242). However, the gastric cancer cases limited to the mucosa remained undetected. In conclusion, the detection of gastric cancer correlated well with the tumor diameter, pT staging and depth of invasion.
Introduction
Gastric cancer is common condition world wide, although with an incidence rate lower than those of lung, breast and colorectal cancer (1) . Symptoms of gastric cancer include anemia, weigh loss, appetite loss, easy fatigability and non-specific symptoms such as abdominal pain (2) . Treatment options for gastric cancer include endoscopic treatment, surgery, chemotherapy and radiation (1, 3, 4) . Key types of endoscopic treatment include endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) (5, 6) . Despite improvements in treatment efficacy, prognoses for gastric cancer remain poor (7) . A potential reason for this may be that patients are diagnosed on the basis of advanced symptoms of late stage gastric cancer, which limits their treatment options. Therefore, effective screening is essential for the improvement of outcome of patients with early stage gastric cancer that exhibits relatively few symptoms (8) . Currently, radiographic and endoscopic screening methods are in use (9) .
Endoscopy is the gold standard of diagnosis of gastric cancer (10) . However, endoscopy is not always performed for screening in countries with a relatively low number of the patients, and endoscopic resources may be limited (8) . Furthermore, endoscopy is not always performed for patients with abdominal symptoms, as these patients are often subjected to transabdominal ultrasonography (US). US is useful for the diagnosis of diseases in solid organs, including the liver, biliary system and pancreas (11) . US may be performed for patients with abdominal pain and diagnose diseases of alimentary tracts (12) . US often reveals gastrointestinal diseases presenting to the hospital with an acute abdomen (13, 14) . In addition, gastrointestinal cancer is occasionally detected using US (15) . Gastric cancer may be incidentally diagnosed in patients with nonspecific symptoms that undergo US screening (16) .
In the present study, we retrospectively analyzed the records of patients that were diagnosed with gastric cancer, and their specimens were available due to surgery or endoscopical treatment. A variety of factors were investigated that Detection of gastric cancer using transabdominal ultrasonography is associated with tumor diameter and depth of invasion were associated with the detection of gastric cancer using US, including the limitations in using US to diagnose gastric cancer.
Materials and methods
Patients. The records of patients admitted to the National Hospital Organization Shimoshizu Hospital (Yotsukaido, Japan) between November 2011 and July 2014 were retrospectively analyzed. Patients included in this study had undergone surgery, EMR or ESD subsequent to the diagnosis of gastric cancer on the basis of biopsy specimens, and were subjected to US prior to endoscopy, in order to diagnose the patient. A total of 13 patients met the inclusion criteria and were enrolled into this study, including 8 male (mean age ± standard deviation, 69.3±3.8 years) and 5 female patients (71.4±13.9 years). Patients were divided into the following two groups: Negative detection group, consisting of patients in which gastric cancer was not detected using US; and positive detection group, consisting of patients in which gastric cancer was detected using US. This study was subjected to review by the Ethical Committee of the National Hospital Organization Shimoshizu Hospital, and was not considered as a clinical trial, since it was performed as a part of routine clinical practice. The present study was retrospective and patient anonymity was preserved, thus informed consent was not required.
Transabdominal US. US was performed using the SSA-700A ultrasound system (Toshiba Medical Systems Corporation, Ohtawara, Japan) with a 3.75-MHz curved-array probe (PVT-375BT) or an 8.0-MHz linear-array probe (PLT-805AT) in the US unit. US was performed by board-certified fellows of the Japan Society of Ultrasonics in Medicine (Tokyo, Japan) (http://www.jsum.or.jp/jsum-e/index.html). Gastric cancer was diagnosed upon detection of irregular wall thickness as compared with the surrounding lesions, or when loss of stratification was observed (15) .
Pathological analysis. The tumor diameter and depth of invasion were determined by the pathologists using specimens. Specimens were obtained through surgery, EMR or ESD, which were performed in our hospital. Pathological T (pT) staging of the specimens obtained via surgery, EMR or ESD, was performed by the pathologists, based on the classification described by the American Joint Committee on Cancer (7th edition) (17), as follows: pT1a, lamina propria or muscularis mucosae; pT1b, submucosa; pT2, muscularis propria; pT3, subserosal connective tissue without invasion of visceral peritoneum or adjacent structures; and pT4, seroa (visceral peritoneum) or adjacent structures. The staging was decided on consensus between two pathologists.
Statistical analysis. JMP software, version 10.0.2 (SAS Institute, Cary, NC, USA) was used for statistical analysis. One-way analysis of variance was applied to variables of patient characteristics and tumor diameter between the negative and positive detection groups. The χ 2 test was used to determine the association of depth of invasion and T staging between the negative and positive detection groups. A P-value of <0.05 was considered to indicate a statistically significant difference. Detection of gastric cancer using abdominal US. The gastric wall thickness in gastric cancer cases was measured using abdominal US. Data are expressed as the mean ± standard deviation or a range. One-way analysis of variance was performed. US, ultrasonography. WBC, white blood cell; CRP, C-reactive protein; Hb, hemoglobin; T-Bil, total bilirubin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GTP, γ-glutamyl transpeptidase; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Results

US findings.
On US images, gastric cancer tumors were detected as thickening of the gastric wall (Fig. 1A and B) (8) . Gastric wall thickening may be observed as a symptom of gastric ulcer (18) ; however, irregularity of the edge of the thickened wall is a hallmark of gastric cancer (8) . All of the present patients with gastric wall thickening were diagnosed with gastric cancer using upper gastrointestinal endoscopy. In certain patients, depression of the center of the gastric wall thickening was clearly demonstrated (Fig. 1B) . A total of 5 patients were diagnosed with gastric cancer using US, whereas US did not detect evidence of cancer in 8 others. Table I . The hemoglobin level was significantly lower in the positive detection patients compared with that in the negative detection patients (P=0.0455). This was probably due to tumor bleeding (19) . No statistically significant differences in the other parameters were detected between the two groups. Gastric wall thickness was 3.7+1.0 mm in negative detection and 12.2±5.9 mm in positive detection (P<0.01). Larsen et al reported that gastric wall thickness in normal healthy subjects is 3.27±0.42 mm (20) . It was clear that the gastric wall was thicker in the positive detection patients compared with the normal subjects.
Patient characteristics. Patient characteristics are presented in
Tumor diameter. The tumor diameters were analyzed in the specimens obtained via surgery, EMR or ESD (Fig. 2) . The diameters of the negative and positive detection patients were 24.5±16.4 and 54.4±26.2 mm, respectively (P=0.0266). No gastric cancer tumors <30 mm were detected, indicating that US detected gastric cancer tumors >30 mm.
Correlation of gastric cancer detection with pT staging and depth of invasion.
The effect of pT staging and depth of invasion on the detection of gastric cancer using US was also analyzed (Table II) . Diagnosis was successful using US for gastric cancer tumors above stage pT2 (P=0.0242). By contrast, Figure 2 . Scatterplot of the diameters of the gastric tumors that were detected (positive detection) or not detected (negative detection) using abdominal ultrasonography, which were 54.4±26.2 and 24.5±16.4 mm, respectively (P=0.0266; one-way analysis of variance). 
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stage pT1 gastric cancer tumors remained undetected. Tumors invading deeper than the submucosa were also diagnosed using US (P=0.0242), whereas cases of gastric cancer limited to the mucosa remained undetected.
Discussion
Gastric cancer can be detected during US screening (15) and such tumors are diagnosed upon observation of a thickened gastric wall, destruction of the wall structure (loss of stratification) and, occasionally, a hypoechoic mass (16) . If patients drink water prior to undergoing a US scan, the gastric wall is visualized as a five-layered structure (21) . Loss of stratification indicates destruction of the normal structure of the gastric wall. The presence of gastric cancer should be considered when a wall thickness of >10 mm is observed (22) . In the present study, wall thickness ranged between 7 and 20 mm (mean, 12.2±5.9 mm). Certain patients were diagnosed with gastric cancer when a wall thickness of <10 mm was detected, which was due to the presence of irregular-shaped wall thickness or loss of stratification compared with the surrounding tissues.
In the present study, tumor diameters were larger in cases of gastric cancer detected using US compared with cases in which cancer was not detectable using US. In addition, the hemoglobin level was lower in gastric cancer cases detected using US compared with the negative detection patients, possibly due to tumor bleeding (19) . These results indicated that gastric cancers that were detected using US were at a more advanced stage compared with those that were not detectable using US. The advancement of gastric cancer is represented with T staging (23) , which can be evaluated using transabdominal US with patients drinking water prior to the scan, or using endoscopic US (24, 25) . In the current study, it was difficult to evaluate pT staging using US as the patients did not consume water prior to screening, and thus pT staging was evaluated subsequent to surgical resection. The results clearly indicated that cases in which gastric cancer was detected using US were at a more advanced stage of the disease compared with those in which gastric cancer was not detectable using US, and no pT1a stage gastric cancer cases were detected using US. In addition, T staging is determined on the basis of the depth of invasion; thus, a pathological analysis of the correlation between the detection of gastric cancer and the depth of invasion was conducted. Gastric cancer that was detected using US invaded deeper than the submucosa. However, none of the gastric cancer cases limited to the mucosa were detectable using US.
In conclusion, the present study demonstrated that the detection of gastric cancer using US correlated with the tumor diameter, pT staging and depth of invasion, and that US was able to detect advanced gastric cancer. In future studies, more patients should be enrolled, and loss of stratification should be investigated with color Doppler imaging and contrast enhancement (26, 27) .
